Introduction. From late 19 th century to the present day, several authors have
Introduction
It is not always easy to differentiate between bacterial and viral infections in the emergency department. Many groups have searched for reliable markers to discriminate bacterial and viral infections. C-reactive protein (CRP) and the leukocyte and neutrophil counts are the acute-phase reactants used most widely in children admitted to the emergency department with a high fever. (1) (2) (3) In the last 20 years, procalcitonin has been identified as a promising bacterial infection marker in children with fever. Also, CD 15s as a neutrophil surface molecule was reported a potentially valuable biomarker in infants with severe bacterial infection. (4) However, no perfect acute-phase reactant can differentiate between bacterial and viral infections with 100% accuracy. (5-7) Furthermore, procalcitonin testing is very expensive and is seldom available in emergency departments in developing countries such as Turkey. (8) In 1893, Zappert (9) first described marked reduction in the number of circulating eosinophils in acute infection, and it was utilized as a useful diagnostic sign during the first quarter of the last century. (10) After observing that eosinopenia is part of the normal response to stress, (11) it was assumed that the eosinopenia of acute infection is a secondary response to stress caused by the infection. (12) Since the early 2000s, eosinopenia has once again become a popular marker, although most studies have examined adult patients. (8, (13) (14) (15) It is not clear whether eosinopenia is a useful infection biomarker in children.
Therefore, we want to compare the role of the eosinophil count to the roles of leukocyte count, neutrophil count, and serum CRP level for distinguishing between bacterial and viral infections in ill-appearing children with fever admitted to the emergency department.
Materials and methods
A retrospective analysis of pediatric patients admitted to the Pediatric Emergency The pediatric emergency department has got a 14-bed observation unit. We can monitor and give treatment to the some of the critical patients in the observation unit up to 23 hours. Then patients can be admitted to the hospital, if necessary.
The laboratory tests of complete blood count and CRP are not performed routinely in all febrile children admitted to emergency department. These tests are usually done in children who are ill-appearing or have unstable vital signs, and when serious infection / inflammation is suspected. In our hospital, white blood cell (WBC) and eosinophil counts are determined using an automated analyzer (CELL-DYN ® 3700, Abbott, Germany). The plasma CRP concentration is measured by direct immunoturbidimetry (Olympus AU640 Chemistry Immuno Analyzer, Beckman Coulter, CA, USA).
During the study period, a total of 340 044 patients were admitted to the pediatric emergency department. In cases older than one month, 69 570 children had fever (≥ 38°C) (figure 1). We defined the acutely ill febrile children (≥ 38°C) older than one month as follows: In addition to fever ≥38.0 °C, there must be at least one of altered mental status, poor respiratory effort, respiratory distress, hypotension, poor peripheral perfusion, toxic appearing. Criteria for inclusion in our study included a case between one month and fourteen years of age, acutely ill febrile case (≥38.0 °C), the case with having the complete blood count and serum CRP measurement on admission. The exclusion criteria were (1) the children with insufficient data, (2) the children having a chronic disease or using drug, which could affect the number of blood eosinophil (3) the children with a different diagnosis from bacterial and viral infection (4) malignancies, (5) congenital or acquired immune disorders, (6) parasitic or fungal infections, (7) treatment with systemic steroids or antibiotics within 1 week of admission to the emergency department. We obtained and evaluated the data of patient's age, gender, and findings on history physical examination, results of all laboratory and radiologic tests, interventions, admission unit, and final outcome from the medical records.
The information about patient's age, gender, final diagnosis, hospitalization status and length of hospital stay, mortality, CRP level, and leukocyte, neutrophil, and eosinophil counts were collected into a standard paper. The patients included the study were divided into two groups as the children with bacterial and viral infections according to their medical records. Bacterial infection in a patient was defined as the isolation of a significant pathogen or the patient with clinical, laboratory and radiological findings consistent with a bacterial infection according to the medical records. The patients with negative bacterial culture result and a positive test result for a viral antigen or clinical, laboratory and radiological findings consistent with a viral infection according to the medical records were allocated to the viral infection group. Prior to starting the study, we didn't create a diagnosis list. The authors decided the diagnoses when reviewing the medical records. Local ethic committee was approved the study.
The analyses were performed using SPSS 16.0 (SPSS, Chicago, IL, USA). The data was transferred from the papers to SPSS. We used the chi-square test to compare proportions. The continuous variables were expressed as the mean ± standard deviation (minimum-maximum). The Student-t test was used to compare two independent samples. Receiver operating characteristics (ROC) curves were constructed to predict bacterial infection. The best cut-off value was chosen using the Youden's index (the difference between the true positive rate and the false positive rate). (16) Maximizing this index allows to find, from the ROC curve, an optimal cut-off point independently from the prevalence. Multivariate analysis using logistic regression was performed to identify the independent risk factors for a diagnosis of bacterial infection. Differences were considered significant at p<0.05.
Results
In total, 876 children were included in the study. Of these, 546 (62.3%) were When we compare the laboratory parameters using student-t and chi-square tests, the leukocyte, neutrophil, and eosinophil counts, CRP level, the rate of leukocytosis (>15,000 cells/μL), and the rate of the high neutrophil count 
Discussion
In this study, the effectiveness of eosinophil count in differentiating bacterial-viral infection was compared with leukocyte count, neutrophil count, and serum CRP measurement, one of very few studies done in children. (18, 19) We found that a low blood eosinophil count (≤ 50 cells/mm 3 ) is similar to a high CRP level (≥1.22 mg/dL) and a high neutrophil count (>5100 cells/mm 3 ) for predicting bacterial infection in the pediatric emergency department. However, none of them had sufficient discriminatory power. Our work is the first study to investigate the eosinophil count in discrimination bacterial infections from viral infections in illappearing children admitted to the emergency department.
The upper limit of eosinophils in blood is 350 cells/mm 3 (1~3% of peripheral blood leukocytes). (20) Increased levels of adrenal glucocorticosteroid and
epinephrine are thought to cause the eosinopenia in acute infection (21) . In addition, the decline in acute infection could be due to rapid peripheral sequestration and the migration of circulating eosinophils to the site of infection.
(9,21) The migration is mediated by the production of cytokines and chemotactic substances, such as C5a and fibrin fragments. (9) These are released into the bloodstream during acute inflammation. Bass (10) reported that eosinopenia is a response to the acute inflammatory process, rather than a response to a specific pathogen.
Montesanti et al. (11) showed that, during the course of infective pathologies in allergic children, there was an abrupt, significant reduction in circulating eosinophils followed by a return to control levels on remission. They also reported that the mean number of circulating eosinophils was 288/mm 3 in healthy children, 46/mm 3 in children in the acute phase of infection, and 252/mm 3 in children during the remission phase. (12) Gil et al. (13) reported that hyperleukocytosis > 10,000/mm 3 and eosinophil counts < 40/mm 3 were strongly related to bacterial infections in hospitalized adults. In a prospective study, eosinopenia (<40 cells/mm 3 ) was a good diagnostic tool for distinguishing between non-infection and infection in the intensive care unit (ICU), while it was a moderate marker for discriminating between systemic inflammatory response syndrome and infection in newly admitted critically ill patients. (8) In that study, the AUROC was 0.89 for eosinophils and 0.77 for CRP for discriminating between non-infection and infection. Shaaban et al. (14) found that the AUROC for eosinopenia (<50 cells/mm 3 ), high CRP (>70 mg/L), and high procalcitonin (>1.5 μg/L) for discriminating between non-infection and infection in the adult critical care unit were 0.72, 0.92, and 0.89, respectively. A case-control study conducted in Australia found that CRP, but not eosinopenia, was a significant predictor of bloodstream infection in a multivariate analysis in hospitalized adult patients. (15) Wibrow et al. (18) reported that CRP concentration and neutrophil count were better markers of bloodstream infection than eosinopenia (<0.01×10 9 /mm 3 ) in hospitalized pediatric and adult patients. Another study found no significant difference in the eosinophil count and percentage in children with and without infection in the pediatric ICU. (19) As seen above, the most important difference from literature is our work done in ill-appearing children in emergency department. Therefore, the comparing of our results with the literature is not easy.
We determined that, the leukocyte and neutrophil counts and CRP level were higher, and the eosinophil count was lower, in children with bacterial infection at the time of emergency department admission. Nevertheless, the neutrophil and eosinophil counts and CRP level were significant predictors of bacterial infection in the multivariate analysis. Eosinophils at ≤50/mm 3 had a sensitivity of 61%, specificity of 67%, positive predictive value (PPV) of 73.1%, and negative predictive value (NPV) of 54% for discriminating between bacterial and viral infections. These results are similar to those for CRP and neutrophils. In our study, the sensitivity of CRP was low (57.1%). The reasons can be listed as follows: first of all, CRP has got wide range of sensitivity in children with severe bacterial infection. (22, 23) Secondly, CRP can rise both viral and bacterial infections. (24) Thirdly, it generally begins to increase after 12 hours of the fever onset. (24) Our study group consisted of ill-appearing children with bacterial and viral infection and 62.3% of them were hospitalized. In addition, we didn't evaluate the duration of fever. The AUROC of the leukocyte, neutrophil, and eosinophil counts and CRP level used to distinguish between children with bacterial and viral infections was 0.596, 0.655, 0.671, and 0.710, respectively. Our data demonstrated that eosinophil counts were significantly lower in ill-appearing children with bacterial infection diagnosis in emergency department. Although the predictive power of eosinophil count is not sufficient, it was similar to the CRP level and the neutrophil count and was better than the leukocyte count in predicting bacterial infection in ill-appearing children.
The limitations of this study should be considered. First, this study was conducted in a single pediatric emergency department. The information collected on patients was limited by its retrospective design. Clinical signs were not evaluated. The microbiologically documented infection rate was low. In bacterial infection group, the rate of microbiologically confirmed infection was 69.8%. However, in viral infection group the rate of serologically confirmed infection was 16.3%. None of the patients had undergone viral culture or PCR. The ill-appearing children in emergency department were included the study. Our sample had 60% bacterial illness, 60% rate of hospitalization, and 2% rate of death. So this patient cohort was consisted of a large group of critically ill children. This is probably different from the pediatric emergency departments of developed countries. Finally, procalcitonin measurements were not included because this test has not been used routinely in our department until recently. This study has several strengths.
The study sample was large and involved a diverse group of ill-appearing children with fever admitted to the emergency department. To the best of our knowledge, this is the first study to evaluate the value of eosinopenia as a market in illappearing children with fever admitted to the emergency department.
Taken together the literature, the data of our study and our clinical experiences, we consider that the number of eosinophil in peripheral blood is measured lower in bacterial infections or in severe infections. According to our data, the discriminant power of eosinophil count for bacterial and viral infection is similar to neutrophil count and serum CRP level and better than the leukocyte count. The beauty of this finding is hidden in easily obtaining from complete blood count.
Unfortunately, the benefit of this laboratory parameters to the doctor in pediatric emergency department is not sufficient. We think that our data may be a starting point to identify the associations of eosinophil count with the risk of bacterial infections for ill-appearing children in emergency department. In the future, the prospective studies and the prediction models could further determine how eosinopenia may be helpful in the pediatric emergency department. 
